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Cu7rcnt Denhlt) Limltat~mc

The phyclcal cffectc li~!ti~ th practical c~rrl -
● r denalty In ● silicon photocondurtor include Auaer

rocrnbimtlon, frer-carrier photon ●btorptlon, ~b~ll-
Ly rodustlon due to carrier-carrier scstccri~, ●my
local t&N] nrruway dcrr to thr warj. clon of mbjllly
wjth to~raturc( z). The ●bowt consldrratiom limlt
thr UXi DUE prmci ical cnrrlrr dencjry to stmu( ]018

CD-3 (1.ef. 3). This carrier dentl!y IImjtc the ●now-
●blt current drmity rind, when couplad wltt, chr phG!O -
CorMuctor optjca] ●bsorpt ion drpth, ]l~tc rhr phetn -
conductor currrni cmpah Ility pr vnfr wfdrh

Tht optjcal ●bsorpt ion depth for GAs mti silicon
vcrouc wawrlmqth 16 shown in Fi#urc 2. in addlll,. n,
tyw uekr ical lln.e ● I 1 .0? w corrrcpondc co thr hnd -
gap cmqy of cilicorl or the IMst rmr~y pLOt On [hBt
cmn be u-d to producm ● r ●lectron-hole pair In ●hi-

Con. The wortica] liw in Fi~urt 2 ● t 0.89 ~ cOrrO -

.PO~S tO t~ lMS1 •~rsy phOtm tkt cm b u-d
wfch GM.
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whrre fir-= Ic tt+ oa=lmim cnzr carrle~ ~=-= it. ● lf

the ●lectron c!ierge. u 16 the s= @f t~ •:~ccr=r •~
hole mobllitles. *d 1s Che drift Wr]oclt>. i~fi Ec
1s tbr cmnductiom ●lect:lc field. For intrinsic
silicon w3th u - ~.05 =-l~-e ● t s cerrler density of
102k m-3, Ec - lo> Vh. n - 1CS26B-3. ●id
+ - ~1 x ]@ Ak02. ~~.rrent detmlty i. related
to tbe current per unit uddtb by the optical ●beorp-
tlo~ depth dc (kf. 3j, or

vhlch for ●illcmn. smug de - 1 -. 1S ●bout S Uko.
If tre asmm tlut the optiotm cmrrfwr d~alr~ for Cob
18 ridlar tettutfor silicon ●e ume 0.4 •al~-g ● c
the mobllit~ of CaA6 ultb ● sl=lla= cotiuctlm, ●lee-
tric field, CoAs caz conduct ooly 8M’ AIcm of width.
Thus. the ●bsorPtsov depth pleys ● =ry lwpnrtar~ rcle
1: phot ocOt@uetiv* power w: ZCMX.

Ualfotm Optlcal EOrrKY knslty ●nd Illtmioetion

h order co lltit the carrier dermlcy in th@ pho-
t motduttor to ~mx, the optkol ●meq? iocldettt on
t k surface owt be Mmf mi. * optical ●oergy aer-
slty EM on thm photmtonductor 1s related to the tium-
ber of bo)e-oloctroo PA1r- ~ (kf. 3) Pr-uad by

EM- ~EAdet(l - r) , (3)

uhere EL is tb pkxom ●ntr#* ●d r Ic th surface
refl~ctlom cwfflcfent. For sll:ccmm tht optical
cwrg} or the ●urface ●t.ould be limlted te ●bout
lL mJiCB2 to limit thr carrier density to IG]61CC-3.
kte tbet the cempetlmg procemm 9entloned oorller
mxh ● A@er rec~blnetlom sad freeerrler ●boorp-

!
Klom UU teed to limlt the corrier dmeity to
l(#s/co- in m ●qulllbrlm slt-tlou.

(a) (Xculated lcrtmmity dlstrlbutloc. ●fter
trmercl~ 2S le~th of lZ ●qmere
fiber :- axial molnc .ourc= --itb
cocime-aquered GA of G. 25.

\

(b) Glculated Intomlty dlmrlbutlor ●fter
trawersi~ 22m longrh of IW square
faber ujthpwfcct cetoerc.



Tf#ur* k. Illuotratlon of cylindrical switch optics]
intermity hogenimr.

rl~ure 5. Illustrotioo of low+tiuctmo~trlp EPS
optics] loroumlr~ ~8nloci-.

PCPS Flgurt of Merit

●)

bl

0.1s0

0.060

FIsure 6. Hmamre9mt of optical incomity
tlon ●t bqenimcr omcput f~co.
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cirrf cbrrltr rc~r,lk(llclr w~ll occur.

llte cut-root wvofomo ●tvoun in ?*rr 7 lllus-
tratt the ~roveunt in cmrrltr llfacfw broqht
Qbout by clcber ohfc contact f~bticstion or eurf~cc
pwcintlom or both. Figure 7s Illuetratoo tlw ln-
ltlal currotrt meweform, latclmed wfth ● 2HI@ laorr
plibO ad tamtooted tV tb 2- @__fO*W ]i~

(could ceblr oectlon). ?igurc 7b illuotrateo ● n
lncreasr lm Qffectiw carrier llfctiw to ●bout 10
m ● s ● rewlt of kth ohlc cootacrfsbrlcstlon
●d Swtiocc ~s,lwstion. Further •~rt-ntc ●re

blm e-ted to dttemlne which fabrlcatlofi proc -
● w it reapcmo!tlc for tbr iocroa9* 10 cmrlcr llf*-
tlm.

Thr ●llmlwtion of surface flmhowr ●t ●lactrlc
fialdc mp to IM ktkm 18 ● wjor dcvel~nt ●ffort.
This 10 i~rrmct bcauoe tbv optlal ~rgy roquirod
for -tcbl~ SCSISC vlch tbe ●querc of tb devfcc
l~ttt for ● domlrod realms=.. lb romdrodlermtb
of tfm = 1s dotamlwd by tbe rotlo of tttomIfouB
oporatl-1 mltu9 to tb ● ●ctric flcld tht th

1owftch fimrfmc an oupport(l . Zhemfore, PCPS
o~rmtloo ●t ● lsr~rr ●lectrlc fl~ld •tr~~th roducet
ttm titch l~th ●d roducoo tkm eptitel ●wrsy rr-
quid . ?twi-a UPOrivmto Lu operetod rout1001Y
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b) cLmasuT WITM coNTAcTmuaPAcR
●nRPAnATlou (lwenTEb)

rl~urt 7, Currmt uovcfoms lndlcotlq lncrcomd
corrlor llfcflmt.

for tho tti.,.rorurr of tho ●titch wterlal ~ ‘~ 1s
glwn by

wh?ro y ●nd o ●re consttnts relmte~ to tho DOSL,
●pclfic bat , ●nd thr ●flwtlvc ●oco of tht ~l~c
●nd holeo in thv photocondurt or(7). W prlnripo
●st-rlal to b Inwcotltsled 10 ●llicoo with ●r, in
●lc bulk rcolstlvlty of eewrr~l hundred thouwnd
Obca, An lntrInoic reslotlvlty @f t~ kG-c8 CI
rr~poodo_to #_row :nperature rarrlor detmity of

(k)
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●but I& CO-3, but thr ●ctuol r~oiotsslry rerdliy
●vailob]e 1s ●bt 2 k@cs wfth ●r Jtitlol corrfer

dmalty of ●kout id2 CC-3. If tho iotrlmojr VSIWS
●r? uoed in ●olvin8 Lquotlon (A). then 11 ●bould bc
pooolblc to pulor chor~c ● ●illron oultch 2.5 cc looL
ulth ● )=m diowter to 25CI k~ in ● ronwtent half-
pvrlod of IM W. HIIwv@r, jf tht Juet rtslttlvlt)
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